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CONTROL  IN  LARGE  ORGANIZATIONS* 
by 

Kenneth  J.  Arrow 

I  welcome  greatly  the  opportunity  to  address  a  meeting  of  the 
Institute  of  Management  Sciences  in  this  land  where  beauty  and  efficiency 
have  had  such  a  happy  junction.  Dr.  Geisler's  presidential  address  in 
Paris  two  years  ago  and  this  one  symbolize  the  international  character  of 
our  organization  and  of  the  needs  which  we  hope  to  serve.  I  rejoice  that 
we  are  among  that  small  number  of  scientific  organizations  who  have  direct 
international  membership  -  we  stand  together  as  scientific  co-workers, 
with  no  labels  of  nationality  dividing  us. 

In  considering  a  topic  for  a  presidential  address,  I  had  two 
motivations.  One,  of  course,  was  my  own  interests;  one  cannot  be 
interesting  to  others  about  what  one  is  not  interested  in.  But  the 
second  was  to  use  the  occasion  to  bring  before  you  a  broad  and  signif¬ 
icant  field  of  inquiry,  one  transcending  the  technical  papers  which  are, 
and  should  be,  the  usual  objects  of  our  concern.  Especially  was  I 
interested  in  speaking  on  this  area,  which  is  implicitly  relevant  to 
everything  the  management  scientist  does,  and  at  the  same  time  so  poorly 
understood  as  an  object  of  theoretical  and  practical  study.  There  are 
few  results  to  present,  but  many  problems.  If  I  succeed  in  persuading 
some  of  you  of  the  complexity  and  the  challenge  of  the  issues,  I  will 

feel  well  satisfied. 

* 

Presidential  Address  delivered  to  the  International  Meeting  of  The 
Institute  of  Management  Sciences,  Tokyo,  Japan,  August  21-2k,  1963* 

Uiis  work  was  supported  in  part  by  Office  of  Naval  Research  Contract 
Nonr-225(50)  ab  Stanford  University.  Reproduction  in  whole  or  in  part 
is  permitted  for  any  purpose  of  the  United  States  Government. 
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The  large  organization,  so  prominent  on  our  contemporary  social 
landscape,  is  of  great  antiquity.  If  we  had  no  other  evidence,  we  would 
know  that  complex  organizations  were  necessary  to  the  accomplishment  of 
great  construction  tasks  -  planned  cities  like  Nara  or  Kyoto  or  Ch'ang-An, 
monuments  like  the  Pyramids  and  temples  of  Egypt,  irrigation  systems  such 
as  those  in  ancient  Mesopotamia  or  northern  China.  But  we  also  know  of 
organization  for  less  material  ends,  for  the  preservation  of  law  and 
order,  the  maintenance  of  peace  or  the  prosecution  of  war  -  Persia,  the 
efficiency  of  whose  control  mechanism  and  communicative  system  has  "been 
so  well  described  by  Herodotus  and  Xenophon,  and  the  Inca  empire  of  Peru, 
where  a  complex  and  far-flung  state  was  administered  in  a  highly  system¬ 
atic  manner  with  a  technology  so  poor  as  to  include  neither  writing  nor 
the  wheel.  Truly,  among  man's  innovations,  the  use  of  organization  to 
accomplish  his  ends  is  among  both  his  greatest  and  his  earliest. 

But  it  is  perhaps  only  in  our  era,  and  even  then  haltingly,  that  the 
rational  design  of  organization  has  become  an  object  of  inquiry.  It  is 
characteristic  of  the  present  day,  as  exemplified  by  the  groups  meeting 
here  today,  that  innovation,  the  solving  of  problems,  is  being  in¬ 
creasingly  systematized.  Whereas  in  the  past  the  improvement  in  the  choice 
of  routes  was  made  by  insight  and  spontaneous  inspiration,  today  we  try  to 
arrive  at  the  decision  by  solving  a  transportation  problem.  In  the  same 
way,  there  is  an  increasing  interest  in  studying  how  organizations  solve 
their  problems  so  that  one  can  systematically  investigate  optimal  organi¬ 
zation. 

Let  me  state  the  problem  at  hand  a  little  more  precisely;  since 
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research  in  this  area  is  still  in  its  early  stsiges,  undue  exactness  must 
be  avoided.  An  organization  is  a  group  of  individuals  seeking  to  achieve 
some  common  goals,  or,  in  different  language,  to  maximize  an  objective 
function.  Each  member  has  objectives  of  his  own,  in  general  not  coincident 
■with  those  of  the  organization.  Each  member  also  has  some  range  of  deci¬ 
sions  to  make  within  limits  set  partly  by  the  environment  external  to  the 
organization  and  partly  by  the  decisions  of  other  members.  Finally,  some 
but  not  all  observations  about  the  workings  of  the  organization  and  about 
the  external  world  are  communicated  from  one  member  to  another.  The  word 
"large"  in  the  title  is  meant  to  stress  the  importance  of  the  communica¬ 
tions  element . 

In  this  address,  I  wish  to  set  forth  some  considerations  on  one 
aspect  of  the  workings  of  an  organization  -  how  it  can  best  keep  its  members 
in  step  with  each  other  to  maximize  the  organization's  objective  function. 
This  may  be  referred  to  as  the  problem  of  organizational  control .  It 
divides  itself  natiirally  into  two  parts:  the  choice  of  operating  rules 
instructing  the  members  of  the  organization  how  to  act,  and  the  choice  of 
enforcement  rules  to  persuade  ot  compel  them  to  act  in  accordance  with  the 
operating  rules.  Various  other  terms  for  these  two  problems  have  appeared 
in  the  literature;  a  widespread  usage  is  to  refer  to  the  operating  rules  as 
control-in-the-large  and  the  enforcement  rules  as  control-in- the-small.  It 
shoxild  be  noted  that  enforcement,  here  as  elsewhere,  includes  both  the 
detection  and  the  punishment  of  deviations  from  the  operating  rules. 

My  point  of  view  is  rationalistic  and  derives,  with  appropriate 
changes,  from  the  logic  of  choice  as  it  has  been  developed  in  the  pure 
economic  theory  of  prices  and  the  mathematics  of  maximization.  The 
rational  or  economic  analysis  of  organizations  has  been  developing  rapidly 
over  the  past  fifteen  years,  and  the  present  account  is  largely  derived  from 


the  work  of  such  innovators  as  Jacob  Marschak,  Herbert  Simon,  Leonid 
Hurwicz,  Thomas  Marschak,  and  Roy  Radner.  There  is  no  intention  of  deny¬ 
ing  that  non-rational  factors,  sociological  and  psychological,  are  of  the 
utmost  importance  in  the  study  and  development  of  organizations.  But  a 
rational  point  of  view  is  also  needed,  and  indeed  much  of  the  value  of 
studies  in  group  dynamics  will  only  be  properly  realized  in  the  context 
of  rational  design  of  organizations. 

I  will  first  discuss  in  the  very  broadest  outline  some  typical  ex¬ 
amples  of  control  problems  in  modern  organizations  -  the  large  corporation, 
government,  the  economic  system  as  a  whole  -  considered  as  one  great  organi¬ 
zation.  From  these  illustrations,  a  brief  statement  of  the  essentials  of 
the  control  problem  will  be  derived.  Next  I  will  consider  the  price  system 
as  a  solution  to  the  problem  of  control;  this  is  the  solution  most  natural 
to  an  economist.  While  the  price  system  has  many  values,  it  also  has 
limitations.  Consideration  of  these  will  bring  out  more  clearly  the  basic 
problems  of  organizational  control,  and  in  particular  the  crucial  role  of 
uncertainty  among  the  causes  for  the  creation  of  organization.  Finally, 
the  need  for  some  additional  forms  of  control  will  be  briefly  examined. 

As  can  be  seen  from  this  summary,  this  address  has  as  its  primary  function 
the  delineation  of  the  problem  and  of  the  present  status  of  our  tmder- 
standing,  not  the  presentation  of  any  definitive  solutions. 

II 

The  issue  of  centralization  or  decentralization  in  the  large  corpora¬ 
tion  has  received  considerable  attention  in  recent  years.  A  large  corpora¬ 
tion  contains  many  diverse  productive  activities,  which  have  important 
connections  with  each  other  and  yet  are  separately  identifiable.  The  pro¬ 
ducts  of  one  activity  are  the  inputs  of  another,  and  therefore  it  is  costly 


to  the  corporation  if  its  activities  are  not  "balanced.  Some  conmodlties 
have  to  be  purchased  from  outside,  stored,  transported  from  one  place  to 
another  among  and  within  plants,  and  assigned  to  the  activities  using 
them;  some  activities  produce  final  products  which  have  to  be  transported, 
stored,  and  sold;  other  activities  produce  intermediate  products,  such  as 
component  parts  of  an  automobile,  which  in  turn  enter  other  activities, 
such  as  assembly,  which  produce  final  products  or  still  other  intermediate 
products.  Further,  the  coordination  is  needed  not  only  at  a  single  point 
of  time  but  over  many  time  periods;  each  activity  takes  time,  so  its  pro¬ 
duct  can  only  be  used  in  another  activity  beginning  when  the  first  one  ends 

What  may  be  called  the  classic  businessman's  view  is  to  be  so  im¬ 
pressed  with  the  complexity  of  coordination  that  great  stress  is  placed 
on  the  need  for  central  control.  Emphasis  is  placed  on  vertical,  hier¬ 
archical  relations;  control  is  exercised  by  orders  from  above,  executed 
in  detail  by  those  below.  The  coordination  between  managers  of  parallel 
activities  is,  in  this  view,  achieved  by  their  common  obedience  to  the 
plans  set  at  higher  levels.  Accounting  systems  and  other  forms  of  repor¬ 
ting  provide  higher  echelons  with  all  the  information  needed  to  detect 
violations  of  orders,  and  dismissal  from  employment  is  the  punishment. 

Of  course,  the  view  I  have  just  sketched  is  a  caricature  and  was 
probably  not  held  by  anyone  in  all  its  rigidity.  It  is  immediately 
obvious  that  higher  management  cannot  literally  know  everything  about  the 
operations  of  individual  activities  and  therefore  cannot  make  all  decisions 
Indeed,  management  literature  recognized  this  problem  under  the  heading 
"the  span  of  control."  It  was  held  that  an  official  could  not  exercise 
effective  supervision  over  more  than  a  relatively  small  number  of 
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subordinates,  say  six.  In  the  terminology  which  modern  management  theory 
is  borrowing  from  statistical  communications  theory,  a  manager  is  an  in¬ 
formation  channel  of  decidedly  limited  capacity.  This  means,  of  course, 
that  the  junior  managers  must  be  receiving  information  from  their  Juniors 
which  they  do  not  re-transmit.  Hence,  some  decisions,  if  only  trivial 
ones,  must  be  made  at  lower  levels,  since  the  relevant  information  is  dis¬ 
carded  in  the  process  of  upward  transmission  to  avoid  overloading  the 
channels. 

The  recognition  that  individual  managers  will  inevitably  know  more 
about  their  own  spheres  of  activity  than  higher  officials  has  caused  de¬ 
centralization  of  decision-making  to  be  looked  on  with  much  more  favor  in 
recent  years.  It  has  also  been  recognized  that  decentralization  can  im¬ 
prove  the  allocation  of  responsibility;  on  the  one  hand,  the  subordinate 
has  greater  possibilities  of  initiative;  on  the  other,  his  successes  and 
failures  can  be  more  easily  recognized  by  top  management. 

In  the  terminology  introduced  earlier,  the  operating  rules  under  a 
centralized  system  take  the  form,  "do  this  or  that, "  while  under  a  de¬ 
centralized  system  they  rather  take  the  form,  "do  whatever  is  necessary 
to  maximize  a  certain  objective  function. " 

But  the  problems  of  articulating  more  specifically  the  operating 
and  enforcement  rules  of  a  decentralized  organization  have  not  been  faced 
systematically.  The  objective  function  for  the  corporation  as  a  whole  may 
be  well  defined  to  be  aggregate  net  worth,  but  its  value  depends  on  the 
decisions  of  many  managers;  the  objective  function  to  be  maximized  by  an 
activity  manager  must  depend  in  some  well  defined  way  on  his  decisions, 
to  provide  an  appropriate  set  of  directions  to  him. 
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Further,  even  when  the  objective  function  for  the  manager  is  defined, 
there  remains  the  problem  of  enforcement.  When  the  goal  is  stated  in 
terms  of  an  objective  function,  it  becomes  a  matter  of  more  or  less,  not 
of  yes  or  no,  as  it  would  be  if  instructions  were  stated  in  terms  of 
specific  tasks.  The  top  management  can  never,  strictly  speaking,  know  if 
the  activity  manager's  objective  function  has  been  maximized;  instead, 
their  enforcement  rules  should  be  such  as  to  encourage  him  to  increase  the 
value  of  the  objective  function  as  much  as  possible.  In  more  usual  terms, 
the  problem  is  to  create  such  incentives  to  activity  managers  for  per¬ 
formance  as  will  best  enhance  the  corporation’s  net  worth.  There  are  (at 
least)  two  problems  in  devising  incentive  systems.  (l)  An  effective  in¬ 
centive  system  creates  new  demands  for  information;  the  reward  is  a  ftinc- 
tion  of  performance,  so  top  management  must  have  a  way  of  measuring 
performance.  This  may  be  the  objective  function  itself,  or  it  may  be 
some  other,  more  easily  measurable,  index.  If  the  index  is  somethirg 
other  than  the  objective  itself,  the  manager's  incentives  may  not  be 
directed  optimally  from  the  viewpoint  of  the  corporation;  for  example,  if 
the  index  of  the  manager's  performance  is  based  primarily  on  output  rather 
than  profits,  he  will  be  tempted  to  be  wasteful  of  inputs.  However,  an 
index  which  supplies  better  incentives  may  require  more  information;  in 
organizational  control,  as  in  automobiles,  cuisine,  and  every  other 
commodity,  the  benefits  of  improved  quality  must  always  be  compared  with 
its  costs.  (2)  Even  if  the  index  is  thoroughly  appropriate,  the  relation 
between  the  reward  and  the  index  remains  to  be  determined.  Suppose  there 
is  no  difficulty  in  isolating  the  contribution  of  a  manager  to  the  net 
worth  of  the  firm.  The  fullest  incentive  to  the  manager  would  be  achieved 
by  fixing  a  base  salary  and  a  target  level  of  contribution  to  net  worth 


or  profits  and  then  giving  the  manager  as  a  bonus  the  difference  between 
his  contribution  to  profits  and  the  target  level.  If  his  contribution 
fell  below  the  target  level,  the  difference  woxild  constitute  a  negative 
bonus,  to  be  subtracted  from  his  salary.  Such  an  arrangement  would  clearly 
not  be  satisfactory  in  spite  of  its  desirable  effects;  the  corporation  of 
co\irse  intends  to  share  in  the  profits  attributable  to  the  skill  of  its 
managers  and  not  to  give  them  all  away  to  him,  and  the  manager  may  also  be 
reluctant  to  face  the  risks,  especially  if  the  contribution  of  his  activity 
depends  in  part  on  factors  not  xinder  his  control  and  about  which  his 
knowledge  is  uncertain. 

Ill 

The  design  of  control  systems  in  large  corporations  is  already  a 
formidable  task,  but  it  is  several  orders  of  magnitude  simpler  than  the 
control  system  for  a  government.  To  keep  the  discussion  within  reasonable 
botinds,  I  will  confine  my  remarks  to  one  particular,  though  very  important, 
phase  of  governmental  activity,  the  determination  of  the  annual  budget. 

This  is  the  process  by  which  it  is  determined  how  much  of  the  resources 
of  society  shall  be  diverted  to  the  different  activities  carried  on  by 
government.  The  budgetary  decisions  are  a  major  determinant  of 
the  direction  of  government  activities,  though,  of  course,  there  are  many 
aspects  of  government  decision-making;  for  example,  foreign  policy,  where 
budgetary  considerations  are  secondary. 

The  governmental  decision  process  has  all  the  complexities  of  the 
corporate,  but  there  are  two  major  additions:  the  consumer-like  character 
of  the  government,  and  the  varied  nature  of  its  activities.  Economic 
theory,  as  well  as  ordinary  experience,  tells  us  that  the  process  of 
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consumer's  choice  is  harder  to  make  rational  than  the  decision-making  of 
the  corporation.  In  theory,  the  corporation  maximizes  a  veil-specified 
objective  function,  profits  or  net  vorth,  with  no  constraints  other  than 
those  imposed  by  its  technology.  The  consimier,  on  the  contrary,  maximizes 
a  subjective  magnitude,  \inder  a  budget  constraint.  Biis  implies  that  the 
consxjuner  cannot  seriously  be  expected  to  write  down  in  any  explicit  way 
his  maximand.  Rather,  the  process  of  optimization  consists  of  a  series 
of  comparisons  among  alternative  ways  of  spending  marginal  dollars;  the 
utility  function  is  revealed  to  the  consumer  himself  in  the  process. 
Further,  the  common  budget  constraint  means  that  the  marginal  comparisons 
must  be  made  among  highly  disparate  alternatives  -  travel  as  compared 
with  clothing,  for  example. 

The  government's  choices  are  analogous  to  those  of  the  consimier, 
with  the  additional  problem  that  the  single  utility  function  is  replaced 
by  the  great  variety  of  utility  functions  of  the  different  groups  in  the 
political  system,  the  final  choice  being  the  resultant  of  political 
pressures  in  many  different  directions.  The  government's  budget  to  be 
allocated  among  activities  is  relatively  fixed  in  any  one  year,  though 
there  is  some  opportunity  for  change  in  the  total.  Alternatively,  and 
perhaps  better,  it  could  be  said  that  society’s  total  resources  constitute 
the  budget  constraint,  with  the  government  deciding  both  the  overall 
allocation  between  public  and  private  activities  and  the  allocation  among 
public  activities.  In  any  case,  the  budget  constraint  is  a  basic  element 
in  the  government's  financial  decisions. 

The  great  scope  of  the  government's  activities  means  that  marginal 
comparisons  have  to  be  made  among  some  exceedingly  remote  alternatives: 

Is  an  Improvement  in  a  national  park  to  be  preferred  to  increased  defense? 


-9- 


TOiese  choice  problems  are  all  institutionalized  in  the  "budget-making 
process.  Budgetary  requests  are  made  by  individual  bureaus  and  then 
presented  to  some  central  agency  -  in  the  United  States,  the  Bureau  of 
the  Budget.  Symbolically,  the  bureaus  represent  the  utilities  of  differ¬ 
ent  activities,  the  Bureau  of  the  Budget  the  overall  resource  constraint. 
But  of  course  no  simple  separation  is  possible.  The  Budget  Bureau  has  to 
make  decisions  in  cutting  down  the  total  requests  to  the  desired  budget 
total,  and  these  decisions  involve  two  types  of  judgments:  (l)  the 
relative  social  value  of  the  functions  of  the  different  bureaus,  and  (2) 
the  efficiency  with  which  the  bureaus  are  performing  their  functions. 

The  first  judgment  has  necessarily  to  be  made  in  a  centralized  fashion; 
the  Budget  Bureau  might  be  thought  of  for  this  purpose  as  the  agent  of 
the  legislative  authority.  It  is  the  second  type  of  judgment,  that  of 
the  efficiency  with  which  government  activities  are  performed,  that  is 
more  relevant  to  the  problem  of  control. 

For  the  Budget  Bureau  to  judge  efficiency  would  in  principle  require 
it  to  know  as  much  or  more  about  individual  activities  as  the  bureaus 
themselves.  As  the  affairs  of  government  have  become  increasingly  com¬ 
plex  and  differentiated,  the  impossibility  of  such  a  concentration  of 
knowledge  has  become  increasingly  patent.  Traditional  analysis  of  the 
budgetary  process  tended  to  stress  the  virtues  of  centralized  budget¬ 
making,  strict  lines  of  control,  and  avoidance  of  duplicating  activities 
among  bureaus.  Some  current  writers,  notably  Lindblom,  Enthoven,  and 
Rowen,  now  argue  that  a  good  deal  of  apparent  inefficiency  and  duplica¬ 
tion  are  essential  elements  of  the  control  process.  To  replace  the 
impossible  demands  for  knowledge  on  the  part  of  the  Budget  Bureau, 


reliance  is  placed  on  the  self-interest  and  mutual  rivalry  of  biireaus. 

The  bureaus  act  like  individuals  before  a  court;  they  are  required  to 
supply  the  information  which  will  justify  their  requests,  and  if  two 
bureaus  have  overlapping  functions,  the  information  supplied  by  one  can 
be  used  to  check  on  that  of  the  other. 

This  theory  of  the  invisible  hand  in  government,  though  a  signif¬ 
icant  contribution,  is  as  limited  a  view  as  the  earlier  theory  of  the 
all-knowing  Budget  Bureau.  The  search  for  a  more  satisfactory  theory 
of  government  budget  control  must  still  go  on. 

IV 

Up  to  this  point,  the  boundaries  of  an  organization  have  been  taken 
as  given.  The  line  which  separates  governmental  from  non-governmental 
actions,  or  which  separates  a  corporation  from  its  customers  and  supplier 
has  been  implicitly  taken  as  well  defined.  But  in  fact  we  really  have 
a  nesting  of  organizations  inside  larger  organizations;  indeed,  the  whole 
economic  system  can  be  regarded  as  one  large  organization,  and  in  many 
respects  it  is  fruitful  to  do  so.  A  socialist  system  is  one  in  which 
the  organizational  unity  of  the  economy  is  made  explicit  in  its 
institutions,  but  it  has  long  been  a  commonplace  of  traditional  economics 
certainly  since  the  time  of  Pareto,  that  the  apparent  anarchy  of  capital¬ 
ism  conceals  a  complex  organization  fundamentally  similar  to  socialism. 

Consider  the  following  three  examples  of  commodity  transfers: 

(l)  An  engine  is  placed  on  an  assembly  line  to  be  installed  into  an  auto¬ 
mobile  body.  (2)  An  automobile  factory  receives  a  shipment  of  steel  from 
a  mill  owned  by  the  automobile  manufacturing  company.  (3)  An  automobile 
factory  receives  a  shipment  of  steel  from  a  mill  owned  by  a  steel  company 


The  first  is  certainly  a  transaction  within  an  organization  and  is  carried 
out  in  accordance  with  operating  rtiles  laid  down  by  authority.  Ihe  third 
is  a  comnercial  transaction,  the  result  of  a  contract  in  which  goods  are 
exchanged  for  money,  and  would  usually  be  regarded  as  taking*  place  between 
different  organizations.  Yet  the  second,  the  steel  shipment  from  a  mill 
to  an  automobile  factory  of  the  same  ownership,  is  identical  to  the  third 
in  its  economic  content  and  to  the  first  in  the  form  of  the  transaction. 

This  continuous  sequence  of  cases  shows  that  drawing  any  boundary 
lines  for  an  organization  has  a  somewhat  arbitrary  element.  If  the  entire 
economy  is  thought  of  as  a  single  organization,  one  is  led  naturally  to 
think  of  the  price  system  as  one  of  the  major  devices  for  coordinating 
different  activities,  and  a  great  deal  of  effort  by  economists  has 
succeeded  in  clarifying  its  virtues  and  limitations. 

The  very  importance  of  price-mediated  transactions  suggests  that  it 
is  worth  while  distinguishing  them  from  others.  The  boundary  of  an 
organization  then  will  be  taken  as  the  line  across  which  only  such  trans¬ 
actions  take  place.  As  the  examples  just  given  show,  we  must  be  prepared 
in  such  a  classification  to  recognize  that  some  intra-organizational 
transactions  will  have  the  same  economic  content  as  price-mediated 
transactions . 

It  is  important  and  Illuminating  to  note,  however,  that  many  trans¬ 
actions  have  both  price  and  non-price  characteristics.  Professional 
services,  such  as  medicine  and  legal  services,  are  not  carried  on  solely 
on  the  basis  of  an  Impersonal  cash-for-service  exchange.  There  is  an 
expectation  of  personal  responsibility,  of  fidelity  and  trust;  physician 
and  patient  behave  in  many  ways  more  like  co-workers  in  the  same 
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organization  than  like  a  large  manufacturer  and  his  remote  and  unseen 
customers.  Similar  relations  are  typical  of  labor  services  agents,  and 
in  general  of  transactions  involving  goods  or  services  where  quality 
standards  are  significant  and  not  easily  checkable  in  detail  by  the 
purchaser.  Speaking  broadly,  these  non-market  relations  reSlect  the  same 
sort  of  problems  that  arise  in  control  within  an  organization  -  the  need 
for  services  coupled  with  an  incompleteness  of  knowledge  by  the  receiving 
party  about  the  activities  of  the  supplier. 

V 

From  these  examples  of  organizations,  we  can  abstract  the  central 
problem  of  organizational  control.  It  arises  when  two  conditions  hold: 
(l)  The  objective  of  the  organization  is  a  function  of  a  nimiber  of  inter¬ 
related  decision  variables  concerning  individual  activities;  (2)  the 
different  members  of  the  organization  have  different  bodies  of  knowledge. 
The  second  condition,  of  course,  implies  that  the  transmission  and 
assimilation  of  information  is  costly,  for  otherwise  each  member  of  the 
orgEuilzation  would  transmit  all  his  knowledge  to  all  the  others. 

Uncertainty  is  simply  the  complement  of  knowledge;  when  I  speak  of 
different  bodies  of  knowledge,.!  could  equally  well  speak  of  different 
uncertainties.  For  definiteness,  let  us  suppose  that  \incertainty  can  be 
represented  by  probability  distributions  over  all  possible  states  of  the 
world.  Then  the  following  model  may  serve  to  illuminate  organizational 
behavior:  Each  member  of  the  organization  is  in  possession  of  a  signal 
from  Nature,  and  his  probability  distribution  of  states  of  the  world  is 
the  conditional  distribution  given  that  signal.  (The  "signal"  is  under¬ 
stood  to  be  his  knowledge  based  on  learning  and  experience. )  Each  member 


-13- 


can,  at  a  cost,  transmit  his  signal,  or  a  weaker  signal  compatible  with  it, 
to  one  or  more  other  members  of  the  organization.  Each  member  who  has 
received  an  additional  signal  appropriately  modifies  his  conditional 
distribution.  On  the  basis  of  the  resulting  distributions  and  the  opera¬ 
ting  rules  laid  down  by  the  organization,  each  manager  makes  a  decision. 

The  decisions  made  in  turn  generate  further  information  which  is  transmitted 
in  one  fonn  or  another,  and  leads  to  new  signals  and  new  decisions.  New 
signals  are  also  coming  in  from  outside  the  organization  and  also  leading 
to  new  decisions.  Finally,  the  messages  being  transmitted  within  the 
system  are  used  to  modify  the  operating  rules  and  to  execute  the  enforce¬ 
ment  rules. 

VI 

It  has  already  been  observed  that  many  of  the  transactions  within 
an  organization  are  similar  to  those  that  take  place  in  the  market.  This 
has  led  both  theorists  and  business  firms  to  suggest  that  prices  can  be 
used  to  regulate  transactions  within  the  firm;  these  are  usually  referred 
to  as  "transfer  prices."  In  the  purest  form,  a  price  is  attached  to  each 
commodity  or  service  produced  or  consumed  by  any  activity  in  the  organ¬ 
ization;  if  the  commodity  is  sold  to,  or  bought  from,  other  firms,  the 
transfer  price  has  to  be  the  same  as  the  market  price  (with  some  modifica¬ 
tions  in  the  case  of  imperfect  competition).  The  operating  rifle  for  the 
manager  of  each  activity  is  then  to  maximize  its  profit,  as  computed  by 
valuing  its  inputs  and  outputs  at  the  transfer  prices. 

This  is  straightforward,  but  merely  restates  the  control  problem 
as  that  of  choosing  the  correct  prices.  They  have  to  be  such  that,  if 
each  manager  does  choose  his  Inputs  and  outputs  so  as  to  maximize  profits. 


then  for  each  intermediate  good  (one  not  bought  or  sold  on  an  open  market) 
the  total  supply  and  demand  by  all  activities  balance. 

If  the  organization  calculates  its  optimum  by  the  Lagrange  method 
for  constrained  maxima,  where  the  constraints  are  precisely  that  the 
activities  producing  Intermediate  products  produce  enough  to  meet  the 
requirements  of  the  activities  consiuning  them,  then  the  Lagrange  mxilti- 
pliers  are  the  prices.  This  method  of  determining  the  prices  is  itself 
centralized  and  does  not  satisfy  the  informational  limitations  which  are 
the  heart  of  the  organizational  problem.  Of  course,  radical  Improvements 
in  the  techniques  of  constrained  maximization,  such  as  the  modern  work 
in  linear  and  nonlinear  programming,  decrease  the  costs  of  centralized 
information  handling  and  thereby  reduce  the  problem  of  organizational 
control.  But,  as  has  been  shown  in  many  different  forms,  an  information- 
ally  economical  decentralization  is  possible  if  we  solve  the  constrained 
maximization  problem  by  a  suitable  form  of  successive  approximations. 

If  the  prices  are  first  set  by  guesswork,  each  manager  can  make  a  set  of 
tentative  decisions.  If  the  resulting  inputs  and  outputs  of  intermediate 
goods  match,  then  the  prices  were  indeed  the  correct  ones;  if  not,  the 
normal  procedure  would  be  to  raise  the  prices  of  those  Intermediate  goods 
for  which  demand  in  the  aggregate  exceeds  supply,  and  lower  those  for 
which  the  contrary  is  true.  Under  certain  assimiptions  as  to  the  tech¬ 
nologies  of  the  activities,  this  process  will  converge  to  the  optimum 
for  the  organization. 

The  price  system,  conceived  in  this  way  as  a  process  of  successive 
adjustments,  is  a  satisfactory  way  of  choosing  operating  r\ales  when  the 
appropriate  assumptions  hold.  Each  tentative  set  of  rules  is  defined  by 
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the  tentative  set  of  transfer  prices;  the  successive  adjustments  In  the 
prices,  and  therefore  in  the  rules, require  information  only  about  the 
supplies  and  demands  of  the  individual  activities,  information  which  would 
have  to  be  transmitted  \ander  almost  any  sensible  control  system;  and  there 
is  a  guarantee  that  the  decisions  at  least  tend  toward  full  optimality 
for  the  organizations. 

Though  the  price  system  for  operating  an  organization  possesses 
these  merits,  and  though  I  believe  that  it  is  capable  of  much  greater  use 
than  it  now  receives,  it  has  intrinsic  limits.  Indeed,  the  very  existence 
of  large  organizations  in  the  commercial  world  is  a  proof  of  the  existence 
of  these  limits.  When  the  price  system  is  fully  operative,  the  large 
organization  is  equivalent  to  a  large  n\amber  of  separate  activities  whose 
connections  are  the  same  as  those  of  unrelated  firms.  Hence,  the  large 
organization  would  have  no  differential  advantage  in  economic  competition, 
and  we  would  not  expect  to  find  it  so  dominant. 

The  difficulties  in  applying  a  price  system  to  the  control  of  an 
organization  can  be  classified  into  four  mutually  interesting  types: 

(l)  the  choice  of  enforcement  rules;  (2)  the  complexity  of  the  operating 
rules;  (3)  the  limits  on  the  theoretical  validity  of  the  price  system, 
and  (4)  the  presence  of  iincertainty,  which  we  have  seen  to  be  inherent  in 
the  problem  of  organizational  control. 

The  first  problem,  the  choice  of  enforcement  rules,  has  already  been 
discussed  in  some  measure  in  the  case  of  the  large  corporation.  Since  we 
have  supplied  each  manager  with  an  objective  function,  the  profits  of  his 
branch  evaluated  at  transfer  prices,  the  most  natural  enforcement  rule  would 
be  an  incentive  system;  the  payment  to  the  manager  sho\ild  be  a  strictly 
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increasing  function  of  the  branch  profits.  If  the  slope  of  this  relation 
is  close  to  one,  then  the  branch  manager  is  bearing  most  of  the  uncertain¬ 
ties  due  to  successive  revisions  of  the  transfer  prices  for  which,  as  a 
risk-averter,  he  may  well  require  a  large  fixed  compensation.  If  the 
slope  is  close  to  zero,  then  the  incentive  effect  to  the  manager  is  small. 

The  second  problem,  the  complexity  of  the  operating  rules,  can  be 
appreciated  only  after  a  little  reflection  on  the  scope  of  a  really 
thoroughgoing  price  system.  The  need  of  coordination  in  time  is  perhaps 
the  chief  source  of  complications;  deliveries  of  specific  commodities 
have  to  be  made  at  specific  times,  and  in  a  pure  price  system  there  would 
have  to  be  a  separate  price  for  each  commodity  for  each  possible  date  of 
delivery.  One  might,  to  take  an  example  from  the  government's  sphere  of 
activity,  use  a  price  system  to  settle  traffic  problems;  there  would  be 
varying  prices  to  be  paid  for  different  priorities  at  intersections  and 
in  passing  lanes.  It  is  not  hard  to  see  the  confusion  such  a  system  would 
cause;  a  traffic  signal  may  lead  to  an  allocation  of  traffic  which  is  less 
than  optimal  in  some  theoretical  sense  but  it  is  a  far  simpler  system  to 
operate. 

The  third  problem,  the  limits  on  the  theoretical  validity  of  the 
price  system,  has  received  a  great  deal  of  attention  in  the  literature  of 
welfare  economics.  There  are  two  basic  conditions  under  which  the  price 
system  is  invalid,  in  the  sense  that  the  equilibriimi  prices  do  not  re-  ■ 
present  an  optimum:  One  is  that  there  are  increasing  returns  (or,  more 
generally,  non- convexity)  in  some  of  the  activities,  and  the  other  is  the 
presence  of  externalities,  relations  between  the  productivities  of 
different  activities  which  are  not  classified  as  commodity  transfers. 
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Smoke  emitted  by  one  activity  may,  for  example,  interfere  vith  the  pro¬ 
ductivity  of  another.  Externalities  are  essentially  a  matter  of  classi¬ 
fication;  we  can  always  call  any  externality  a  new  commodity  and  attach 
a  price  to  it.  Indeed,  the  elimination  of  externalities  can  proceed  much 
farther  within  an  organization  than  in  the  market;  there  is  no  technically 
satisfactory  way  in  the  marketplace  for  making  the  smoke  producer  pay  for 
his  damage  to  others,  but  an  organization  can  fix  a  price  for  the  privilege 
of  emitting  smoke  and  order  it  to  be  paid.  Of  course,  special  enforcement 
rules  are  needed  to  make  sure  that  the  appropriate  payments  are  made. 
Further,  the  elimination  of  externalities  increases  the  list  of  commodities 
and  thereby  again  complicates  the  operating  rules. 

Although  the  matter  is  too  technical  to  be  discussed  in  a  brief 
space,  it  can  be  asserted  that  increasing  returns  can  be  handled  by 
modifications  of  the  price  system,  but  these  necessarily  introduce  some 
degree  of  centralization.  There  is  still  room  for  significant  research 
to  minimize  the  informational  requirements  needed  for  optimal  allocation 
vmder  these  conditions. 

VII 

The  fourth  difficulty  in  applying  the  price  system,  the  presence  of 
uncertainty,  is  of  major  importance  and  yet  has  received  relatively  little 
theoretical  study.  The  one  case  that  has  been  studied  in  some  detail  is 
that  in  which  all  activity  managers  have  the  same  information  about  the 
world  outside  the  organization.  Clearly,  the  appropriate  transfer  prices 
can  easily  depend  on  the  luiknown  state  of  the  outside  world;  the  simplest 
illustration  would  be  the  case  where  production  plans  have  to  be  made  now 
for  sale  in  the  future,  and  at  a  price  which  cannot  be  known  now  with 


certainty.  We  may  regard  the  organization  as  "being  faced  with  a  probability 
distribution  of  states  of  the  world,  product  prices  in  the  example.  For 
each  state  of  the  world,  there  will  be  a  corresponding  set  of  transfer 
prices,  so  that  each  activity  manager  will  be  faced  with  a  probability 
distribution  of  transfer  prices.  The  instructions  to  maximize  profits  is 
no  longer  meaningful;  it  must  be  replaced  by  the  operating  rule  of  maxi¬ 
mizing  the  expected  value  of  utility  of  profits,  where  utility  is  a 
strictly  Increasing  function. 

If  the  organization  itself  is  risk-neutral,  then  it  would  want  each 
activity  manager  to  maximize  expected  profits.  But  now  the  already- 
mentioned  problem  of  enforcement  rules  becomes  even  more  acute.  If  the 
reward  of  the  manager  depends  in  some  measure  on  his  observed  profits 
and  if  he  is  a  risk-averter,  he  will  wish  to  play  safe  by  following  a 
course  which  leads  to  more  predictable  profits,  even  if  the  expected 
value  is  lower.  To  avoid  this  outcome,  the  organization  should  provide 
insurance  against  unfavorable  external  contingencies,  which  the  manager 
may  buy  at  his  option.  In  this  way,  it  can  be  shown  that  the  manager 
will  be  motivated  to  maximize  expected  value  and  at  the  same  time  have 
all  the  protection  against  risk  that  he  wishes. 

Such  a  system  does  really  exist  in  the  sense  that  a  manager  is  not 
normally  held  acco\intable  for  unfavorable  outcomes  or  credited  with  favor¬ 
able  ones  if  they  are  clearly  due  to  causes  not  under  his  control.  How¬ 
ever,  there  is  a  deep  problem  here  which  is  well  known  in  insurance 
theory  eind  practice  linder  the  name  of  the  "moral  hazard";  it  is,  in 
general,  almost  impossible  to  separate  causes  outside  the  organization 
from  the  efficiency  of  the  manager  himself.  If  an  activity  does  badly. 


it  may  be  because  of  external  uncontrollable  events,  or  it  may  be  mis¬ 
management.  To  distinguish  between  them  may  never  be  completely  possible 
and,  to  the  extent  that  it  is,  may  require  costly  information.  Thus,  the 
occurrence  of  a  fire  may  be  partly  due  to  failure  to  take  precautions  or 
may  be  completely  Independent  of  them;  the  fire  insxirance  company  will  not 
only  charge  a  premium  but  also  engage  in  additional  information-gathering 
in  the  form  of  inspection  of  premises. 

Still  further  complications  occur  when  the  different  managers  have 
access  to  different  amounts  of  information  about  the  external  world;  this 
is  the  problem  treated  by  Marschak  and  Radner  in  their  theory  of  teams. 
Though  operating  rules  can  indeed  be  devised,  the  problem  of  enforcement 
has  not  yet  been  approached  except  in  a  very  rudimentary  case  (studied 
by  GkDod  and  McCarthy). 

VIII 

Even  without  going  any  farther,  it  is  clear  that  in  the  control  of 
the  typical  organization,  perfect  decentralization  is  not  possible  because 
of  the  limitations  on  enforcement  rules  associated  with  uncertainty  and 
risk  aversion.  The  top  management  of  the  organization  will  always  have 
to  have  some  information  about  the  internal  workings  of  the  individual 
activity.  Biis  is  far  from  saying  that  they  have  to  have  complete  informa 
tion.  One  of  the  most  promising  lines  of  study  is  that  of  sampling  inspec 
tion  -  it  should  be  equally  applicable  to  the  control  of  the  quality  of 
management  as  to  that  of  goods.  A  relatively  small  amount  of  informa¬ 
tion,  properly  choseiv  may  have  large  incentive  effects. 


Bie  problem  of  organizational  con.trol  is  just  beginning  to  be 
analyzed  systematically.  Already  it  is  clear  that  price  theory  and 
programming  methods  will  have  to  join  in  an  unfamiliar  synthesis  with 
information  theory  and  sampling  statistics  to  achieve  the  state  where 
the  rational  design  of  the  organization  becomes  a  reality. 
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Bureau  of  Supplies  and  Aeoounts,  Code  OH 
Departaent  of  the  Navy 

Washington  23,  D.  C.  1 


Director, 

Operations  Eyaluation  Group 
Office  of  Chief  of 

Naval  Operations  (0P-03FG) 

Navy  Departaent 

Washington  23,  D.  C.  2 

Headquarters, 

Oklaboaa  City  Air  Materiel  Area 
United  States  Air  Fores 

Tinker  Air  Force  Base,  Cfclshoaa  1 

Industrial  College  of  the 
Aimed  Forces 
Fort  Lesley  J.  McNair 
Washington  25,  D.  C. 

Attni  Mr.  L.  L.  Hetdiel  1 

Institute  for  Defense  Analyses 
CoMuinlcatlons  Research  Division 
Von  Ncuaann  Hall 

Princeton,  New  Jersey  1 

Library 

Aneriean  Power  Jet  Company 
703  Grand  Avenue 

Ridgefield,  New  Jersey  1 

Coosaadlng  Officer, 

Office  of  Naval  Research 

Branch  Office 

fi6  E.  Randolph  Street 

Chicago  1,  Illinois  1 

Super 1 nt  endent , 

U.  S.  Naval  Postgraduate  School 
Attni  Library 

Monterey,  Cellfomla  1 

Electronic  Coaputer  Division 
Code  200 
Bureau  of  Shlpa 
Departaent  of  the  Navy 

Washington  23,  D*  C.  2 

The  RAND  Cor3poratlon 
1700  Main  Street 

Santa  Monica,  California  1 

Managenent  Controls,  Ref.  Library 
Realngton  Rand, 

DlT.  of  Sperry  Rand  Corporation 
313  Fourth  Avenue 

Rev  York  10,  Itow  York  1 

University  of  Washington 

Inst,  for  Eeonoslc  Research 

Seattle  3,  Washington  1 

University  of  California 
Bureau  of  Buslneas  and 
Bconosdc  Research 

Berkeley  4,  Callfomle  1 

Mr.  Adam  Abruttl 

Applied  Statistics  Group 

Departaent  of  Maaageaeot 

Steveae  Institute  of  Technology 

Hoboken,  New  Jersey  1 

Dr.  S.  C.  Allen 

Stanford  Research  Institute 

Menlo  Raik,  California  1 

Profeasor  Leland  Bach 
Departaent  of  Beonomlcs 
Carnegie  Institute  of  Technology 
Plttehurgh  13,  Pennsylvania  1 

Profeaaor  D.  V.  T.  Bear 
Departaent  of  Economics 
University  of  Chicago 

Chicago  37,  Illinois  1 

Professor  g.  F.  Beekenhaeh 
Department  of  Mstheaatlos 
Utalveralty  of  California 

Los  Angeles  24,  California  1 

Dr.  Martin  J.  Beekaann 
Departaent  of  Beonomlcs 
Brown  lAilverslty 

Providence,  Rhode  Island  1 


Dr.  Richard  BsUaaa 
The  RAND  Corporation 
1700  min  Street 

Santa  Monica,  California  1 

Professor  Max  R.  Bloom 

Collage  of  Business  Administration 

Syraeuse  University 

Syracuse  10,  Rev  York  1 

Dean  L.  M.  K.  Boalter 
School  of  Engineering 
University  of  California 

Loa  Angelea  24,  California  1 

ftofessor  Jaaea  H.  Boles 
University  of  California 
Agricultural  Experiment  Station 
Berkalsy  4,  California  1 

Professor  O.  R.  Brownlee  . 

Department  of  Eeonomiaa 
University  of  Minnesota 
Minneapolis  14,  Minaaaota  1 

Profassor  8.  S.  Calma 
Haad,  Dept,  of  Mathenatles 
Unlvarslty  of  Illlnoia 

Urbans,  Illrnols  1 

Mr.  Samusl  L.  Carrell 
7022  Tokalon  Drlva 

Dallas,  Texas  1 

Professor  A.  Chames 

Tha  TechDologteal  Institute 

Hortbwestarn  University 

Evanston,  IlllAOis  1 

ProfesBcr  John  8.  Chlpmaa 

Dspartesot  of  Eeeaemies 

University  of  Minnesota 

Minneapolis  14,  Mlnnsnota  1 

Professor  Carl  Christ 

Departaent  of  R>lltleal  Economy 

The  Johne  Hopkins  University 

Baltimore  16,  Maryland  1 

Profeesor  Randolph  Church 

U.  8.  Naval  Postgraduate  School 

Monterey,  California  1 

Professor  C.  W.  Churchman 

School  of  Business  Administration 

University  of  California 

Berkeley  4,  California  1 

ftv>fcesor  W.  W.  Cooper 

Director  of  Research 

Departaent  of  Eeonomlee 

Carnegie  laetltute  of  Teehaology 

PlttsWrgb  13,  Pennsylvania  I 

Mr.  Martin  David 
Treasury  Departnent 

Washington  23,  D.  C.  1 

Professor  Gerald  Debreu 

Department  of  Economies 

University  of  California 

Beikeley  4,  California  1 

Profassor  Robert  Dorfman 
Departaent  of  Beooomiee 
Harvard  University 

Cambridge  30,  Massaebuaatts  1 

Mr.  Louis  Doroa 
Nsnsgemsnt  Engineering  Staff 
Bureau  of  Yards  and  Docks 
Departaent  of  the  Eavy 

Washington  23,  D.  C.  1 

Rear  Adm.  H.  E.  Eeeles,  USE,  Ret. 

101  Washington  Street 

Newport,  Rhode  Island  1 

Mr.  Daniel  EXlaberg 
The  RAND  Corporation 
1700  Main  Street 

Santa  Moalea,  California  1 

Alain  Enthoven 
3009  Holly  Street 

Alexandria,  TlrgUla  1 


Contract  Noiir-223(30) 
Msy  1962 


I 


X 


X 


?rof  •••or  Eborbard  F*1b 
44$  CL 

thxlvvrattjr  of  Pittsburg 
Pittsburgh  1?*  PtoMylvuils 

Dr.  BtorHU  M.  Plood 

M*nt%l  Mtulth  Itotsareb  Xastitut* 

205  Vortb  Porvst  Avanu* 

Ann  Arbor,  IClebl«na 

Profttaaor  SuTld  Oala 
Dtpaartntnt  of  IbtkMNatlea 
Brovn  Ublraralty 
ProTldanea,  IQioda  Xalaad 

Mr.  Murray  Oalalar 
Th*  MAD  Oorporatlon 
1700  Mala  StrMt 
Saatat  Noaloa,  California 

Profcaaor  B.  Oalbata 
DapartSMit  of  MathaMatlaa 
Ukilvaralty  of  Mlnnaaota 
Nlnn«apolia  14,  Mlanaaota 


1 


1 


1 


1 


Oiannlnl  Pouadatloo  Oround^Vatar  Stullaa 
Olannlnl  Poundatl<»  of  Afrl.  BeoaoBlca 
Ublvoralty  of  California 
Bark«lay  4,  California  1 


Nr.  M.  J.  D.  OUllaa 
MariMtlng  Raasaroh  Sapartaant 
Olln  Mathlaaon  Ctaaaloal  Carp. 

275  Vlnsbaatar  Aranua 

Nov  Ravan  4,  Coanaetleut  1 


Profaaaor  X.  8.  BoMthahhar 
Dafartaaat  of  lonaoarlaa 
Harvard  UUraralty 
Caabrldca  58,  Maaaaataaaatta 

Dr.  X.  M.  Xu«baa 
Oapartaaot  of  Bioaatrlaa 
ftebool  of  ATlatioa  Madlalaa 
U.  8.  A.  P. 

Madolpli  Plaid,  foaaa  I 

Profaaaor  Laoald  larvlaa 

Dapartawat  of  faiwwiaa 

Ualvaralty  of  Mlaoaoota 

Mlnnoapolla  14,  Mlaaaaota  1 

Profaaaor  J*  B.  Jaakaoo 
Manapioant  Salaoaaa  Maaaoreb  Fiojaat 

tblTaraity  of  Oallfoaalo 

Loa  Aafalaa  84,  Califorola  1 

Profaaaor  Dala  V.  Jbaiaiiooa 

Dapartaant  of  leoooaiaa 

Onivaralty  of  Oallfonia 

Barbalay  4,  Oallfoaola  1 

Jobaa  Hopklna  UMlraralty  Libaary 

Aoqulaltlooa  SapartaMot 

Baltloora  18,  Naxylaiid  1 

Capt.  Waltar  H«  loan,  vm 
Offloa  of  Naval  MaaaaraM 
Coda  400 

Oapartaaot  of  tha  Navy 

Waabli^on  25,  C.  1 


Nr.  Harry  N.  MarHorlta 
Lotlotlaa  Dapartaaat 

Xba  MD  OorpoMtSoo 
1700  Nala  Straat 
Santa  Moalaa,  Calif  oral  a 

Profaaaor  Jiaaob  HaraalMfc 
Sahool  of  Baaloaaa  Adaialatiatlea 
OMlvaroity  of  Calif  «mla 
Loa  Aagalaa  S4,  Calif ormla  1 

fhflMa  Naraobak 

Sahool  of  Xaalaaoa  AdolaUtratloa 

Dhivaraity  of  Callfbraia 

Baibolay  4,  Callforato  1 

Profoaoor  Liaool  N.  Naboalo 
Dapartooot  of  laaaaolao 
Uhlvoroity  of  Hoahootor 
Bivar  CMRoa  Statloa 

Hoahaatar  80,  Baa  Tatfe  1 

Mr.  Joaafh  Nabr 

Baad,  Oparatloaa  Baaaarah  Daak 

U.  8.  I.  Pimioloc  Darlea  Oootar 

Port  Waablaftoa,  L.  J.,  Bov  Toib  1 

Dr.  Blebard  A.  Millar 
4071  Haat  7th  Stroat 

Parb  Vortb  7,  Paoaa  1 

Profaaaor  Fraaao  ModlBliaai 
Orad.  Sahool  of  Zadaatrial  AHaiaioiratioa 
Caraacia  Xaatituta  of  Toahnolocr 
Plttataurgb  15,  PanaayXvanla  1 


Dr.  ft.  I.  flonaiy 
IBC  Basaarob 

Yorktown  Hal^ta,  Saw  York  1 

Profaaaor  Zvl  Orlllebaa 
Dapairtaant  of  Booooadoa 
Uhlvaralty  of  CbleoRO 

Chloaco  lUlaola  1 

Dr.  laadora  Hollar 
Xavy  Managanant  Offlea 

Vaohlngton  25,  D.  C.  ^  1 

Dr.  Thaodora  X.  Harrla 
Tha  HAITD  Corpomtloa 
1700  Main  Btraat 

Soabo  Mcmleo,  Californio  1 

Profaaaor  C.  Lovall  Barrlaa 
Daportawnt  of  Boonoailea 
Coltnabla  tfr4lYaralty 

Hav  York  7:7,  Hav  York  1 

Or.  John  C.  Haraanyl 
DopArtaant  of  Beononloa 
Vayna  Utata  ttalvaralty 

Datroit,  Kleblgan  1 

ftvfaaaor  M.  B.  Baataoaa 
Dapnrtaant  of  Matbaantioa 
Uni-voralty  of  Callforaln 

Loo  Angalaa  24,  California  1 

pTofaasor  C.  BllAratb 
^-A  Valla  Hall,  J,  A.  8.  A. 

Mleltigao  Stata  ttalvoralty 

Kaat  Znoalng,  Nlehigan  1 

Nr.  C.  J.  Hitch 
'Hta  RAND  Corporation 
1700  Miln  8tr*at 

Santa  Moolea,  California  1 

Dr.  Alan  J.  Hofflaan 
IM  Baaaareh  Cantar 
Box  216 

Yorktown  Bal^ta,  Saw  York  1 


Profaaaor  laaranaa  Klala 

Dapartnant  of  Baoaaniaa 

Unlvarslty  of  Paanaytvaaia 

Pblladalphia,  Pannqrlvaaia  1 

Profaaaor  T.  C.  Toopnana 
Covlaa  Pbundatloa  far  Baaaarah 
la  Beoaoalaa 
Tada  Station,  Box  2225 


Hav  Havan,  Conaaotlaut  1 

Profaaaor  Harold  V.  Kidin 
Dapartaant  of  Mathanatlaa 
Br^  Mawr  CoUaca 

Bryn  Mavr,  Pannaylvaaia  1 

Dr.  Hovard  taltim 
Tha  BAD  Corporation 
1700  Main  Stroat 

Santa  Noalea,  Callfovnla  1 

ftofaaaor  C.  t.  LMka 
Dapartaaat  of  Mnthaaatlca 
Banaaolaar  Polytaohnlaal  Xaatituta 
Troy,  Bav  York  1 

Profaaaor  V.  V.  LaontUf 
Dapariaant  of  Baonouica 
Harvard  Ublvaralty 

Caabrldga  38,  Daaachuaatta  1 


Or.  Barahardt  Llabarmn 
Cantar  for  Intamatlonal  Affalra 
6  Divinity  Aranua 
Harvard  Univaralty 

Cnabrldga  36,  Maaaabuaatta  1 

Profaaaor  8.  B.  Llttauar 
Oapt.  of  laAuatrtal  tnglnaarlng 
Ooitabla  Ublvaralty 

Hav  York  27,  Saw  York  1 

Jobn  Y.  Ltt,  Sanlor  Beoooalat 
CE2B,  Ine. 

Loa  Angalaa  Cantar 
9171  Vllablra  Blvd. 

Bavarly  Hllla,  Cnllfomln  1 


Profaaaor  Jaaaa  Moora 

Dapt.  of  ladnatrlal  Bi^lnaminc 

Borthaaatam  Ublvaralty 

Bboton  12,  Maaanahnaatta  1 

Profaaaor  0.  Morganatarn 
Xaonnaatrla  Baaonrak  Prograua 
Prlnaaian  Ualvaralty 
9B-A  Baaaan  Btraat 

Prlnaotoo,  Bav  Jaraay  1 

B.  X.  BowBbua 

Ohlaf,  laduatrinl  Dctnaariac  Divialan 
Ceatptrellar 

Hdqra.,  San  BamniClno  Air  Mbtarlal  Aran 
Boorten  Air  Poraa  Bnaa,  Onlifcamia  1 

Mr.  N.  l»  Bordan 
Baaanreb  Dlvlalon 
OoUaga  of  Inglnaarlag 
Bav  Yovk  Italvaralty 

Bav  York  55,  Bw  York  1 

Profaaaor  B.  B.  O'Baill 

Dapnrtnant  of  Dglnaartag 

Ublvaralty  of  Cnllfoantn 

Loa  Angalaa  24,  Onlifomin  1 

Nr.  BleMrd  V.  Pblaino 

Opamtlona  Baaanrab  Dapnrtnant 

vlUow  Bun  Inbomtorlaa 

Ypallantl,  Michigan  1 

Pivfaaaor  Donald  Phtinkin 

Dapnrtnant  of  Xoononlaa 

Ublvaralty  of  Cnllfomln 

Barkalay  4,  Cnllfomln  1 

Profaaaor  H.  BUay 

501  Staphana  Mmorlnl  Dll 

Ublvaralty  of  Cnllfomln 

Barkalay  4,  Cnllfomln  1 

Profaaaor  D.  Roaanbintt 

Dapnrtnant  of  Btatlatlea 

Tha  Oaorga  Hnablagton  Oalvaralty 

VMbli«ton  7,  D.  C.  1 


Profaaaor  Auatln  Noggntt 

Solaool  of  Bualnaaa  Adnlalatmtloo 

Ublvaralty  of  Cnllfomln 

Drkalay  4,  Cnllfomia  1 


Dr.  B.  Duoana  Lnea 

Dapnrtnant  of  P^hology 

(bilvaralty  of  Pannaylvnaln 

Pklladolphla,  Dmayivnain  1 


Profaaaor  Murray  Boaanblntt 
Dapnrtnant  of  Mnthanntiaa 
Brovn  Ublvaralty 

Provldanea  12,  Bhoda  lalmtX  1 


Dr.  C.  C.  Bolt 
Dapnrtnant  of  Beonoadoa 
Univaralty  of  Vlaeonaln 

Madlaon  6,  Wlaoonaln  1 

Dr.  Jobn  V.  Boopar 
Covlaa  Poundntlon  for  Baaaarah 
in  Xfionouloa 
Ynl*  Station,  Box  212$ 

Bav  Dvan,  Connactlout  1 

Profaaaor  H.  Botallli^ 

Dapt.  of  Dtbanntleal  Btatlatlea 

Ublvaralty  of  North  Onmllan 

Ctanpal  Hill,  North  Carolina  1 


Dr.  Cmlg  A.  Dgvlra 
8625  TIm  Avvana 

Pblr  Onka,  Cnllfomia  1 

Baiwlt  Dadalbrot 

Intamatlonal  Bualnaaa 

Naahlnaa  Oorporatian 
Baaaareh  Caotar 

P.  0.  Boa  2X8,  Labh  Batata 

Turk  town  Dl^Aa,  Bav  Taali  1 

Pmfaaoor  Jbllno  NarHOlta 

DapartaMot  of  Baalnaaa  ADXnlatmtion 

Ublvaralty  of  Oallfomin 

Baikalay  4,  California  I 


Profaaaor  A.  S«  Doa,  Hand 

Dapaxtmnt  of  Mathanntiaa 

Ublvaralty  of  Betra  Dane 

Botra  Dma,  Indiana  1 

Prefanaor  Jareva  Bothanhars 

Popart nant  of  Haanonlao 

Borthvaatam  Ublvaralty 

Bvnaatoa,  Xlllaola  1 

Profaaaor  Alhart  Huhanatain 
Dapnrtnant  Xndnatrlnl  DglnaarlnB 
■evthvaatam  Qbivamity 
Bvanatan,  XUinoia  X 


11 


May  1968 


>885(50) 


Profaator  Htrau  Itubln 
Paparttot  of  Stetlotlaa 
NlehlcMi  Stoto  Ukil'voroltjr 
Eaat  tABolnSf  Nlelilgui 

Frofosaor  f.  WaiiiT 

Paportaont  of  fPllooepIqr 
NlabtcM  Stata  OlBlvoralty 
kat  laaalat^  IU^l#aa 

Profaaaor  F«  A>  flaattalaao 
Papartaant  of  laonoaiea 
M.  X.  T. 

OubrlAc*  39»  Naaaaafeaaatta 

Pr>  Z>  XlehaiA  8ai«ca 
School  of  Bttalfwaa 
Tlaeant  flail 
OBlvaralty  of  Nlanaaota 
Mlaiiaapolla  li»|  Nlanaaota 

Profaaaor  AaSraw  Sabulti^  Jr« 

Papt.  of  laSttatrlal  Baslaaarlas 
Comall  Uairaralty 
Zthaaa«  flav  Yoik 

profaaaor  R«  A.  Slaon 
Papt.  of  Zadoatrlal  Atelalatratioa 
Camatlo  Xaatltvta  of  Taahaolocr 
Plttatourgh  13i  PaaaaylranlN 


Nr.  J.  X.  filapaoo 

Bureau  of  fluppllaa  aad  Aoaouata 

Ooda  (WJl) 

Arllactoa  Abbcx 

0.  S.  Dapartaaat  of  the  flaty 

Waahlacton  fSj  D.  C. 

Profaaaor  Vamon  telth 
DapartaaRt  of  tnonnalna 
Purdua  ttaltraralty 
Vaat  lafayatta,  Indiana 

Profaaaor  Xaurla  Saall 
Papartaant  of  Nathaaatlea 
Bartaouth  Oollaflc 
lanovar*  flav  Wa^ahira 

Profaaaor  llohart  Solov 
Papartaant  of  Saoooalaa 
M.  Z«  Y« 

Gaahrldca  39«  Naaaaohuaatta 

Profaaaor  flohart  fluaaara 
Papartaant  of  flaonoalea 
ONlraralty  of  Faaaaylnala 
Pblladalfhlai  pannaylvanla 

Profaaaor  terald  Tbo^paoa 
Papt.  of  Zaduatrlal  Adalnlatratloo 
Gamofla  Znatltuta  of  Taahoolocjr 
Plttahurflb  13i  faonaylrmala 

Pr^aaor  R.  N.  Thrall 
Papartaant  of  Nathaaatiaa 
UNiraraity  of  Nlohl^an 
Ann  Arbor»  Nlahlflaa 

Ptofaaaor  L.  N.  Tlchrlaalqr 
Papartaant  of  Bnslnaarlnc 
QtalTcraity  of  California 
Baxtalay  California 

Profaaaor  Jaaaa  Tobin 
Oounell  of  flaonoala  Adrlaara 
baotttlTa  Offlaa  of  Vba  Praaldant 
Vaahlnston  2$,  P.  C. 

Profaaaor  C.  B.  Toivklna 
Papt.  of  Matbaaatlea 
Ohlraralty  of  Callfomla 
Loa  Aatalaa  2V,  California 

Profaaaor  A.  V.  TucBtar 
Pina  flail.  Pox  706 
Prlaeaton,  Rev  Jaraay 

Profaaaor  llrofunl  Viaaa 
Baharloxal  Selaneaa 
208  Junlparo  Sarra 
Stanford,  Oallfomla 

Profannor  P.  J.  Totav,  Jr. 
Papartaant  of  Boonoalea 
Tala  OhlTarilty 
flav  flavan,  Connactlcut 

Profaaaor  V.  A.  Uallla 
2GT  flaakaU  flxU 

Qalvarslty  of  Chlaaco 
Chleaflo  37,  IlUnola 


Profaaaor  J*  L.  Balah 
Papartaaat  of  HathMatlaa 
■arvard  PNlvaralty 

1  Caabrldsa  36,  WnaachaBatta  1 

Pr.  T.  Wiltla 

School  of  Induatrlal  HMMiNwaat 
Mmc.  Xaatltutc  of  TiBhaolOT 
1  nahrliflc  33,  Ikcaachnaaita  1 


Takasht  flaflakl 
112  flaapaahn  Niamka 

Ttkpa,  dklRfl  1 

Dr.  fliSndraaa  flUualfla 
Zaatltm#  if  flaalai  aad  BMaaada 
flaaaarak 
Oaaka  MUvaraity 

Tnywaaha,  Oaaka,  AIM  1 


Nr.  Philip  Wolf# 

Tha  MUD  Oorporatlon 
1700  Nairn  Straat 

1  Saata  Noalea,  Callfomla  1 

Profaaaor  J.  Wclfovlta 
Papartaant  of  Nathaaatlea 
OoraalL  Otatvaralty 

Ithaoa,  Bov  York  1 

1 

Profaaaor  llohart  J.  Wolfaon 
CllR,  Ine. 

9171  tfllahlra  Bird. 

Avarly  Billa,  Callforala  1 

1 

Nr.  Narahall  K.  Wood,  Chief 
Xndnatrlal  Vulaarahlllty  flranoh 
Offlaa  of  Aaa*t.  Saa.  of  Pafaaaa 
IteAlaftoa  25,  P*  C.  1 

1 

Profaaaor  N.  A.  Voodhury 
Papartaant  of  Nathaaatiaa 
flav  York  Ualvaralty 

flav  York  53,  flav  York  1 


Br.  Tauathlko  Matamha 
Papartaant  of  Saoaaaiaa 
Oaakain  Uklvaralty 
Najiro,  Toaklanka 

Tokyo,  AMfl  1 

Profoaoor  Talnaa  Xaaal 
Papartaant  of  lieaoalaa 

Tohoku  tlklvanlty 

Sandal,  AMR  1 

Other  Poraiaa  Addraaaaa 
Jaa  Baanta 

Papartaant  of  finmal  r  1 
Oalrorolty  of  Spdnay 

Bydaay,  AOBRIALZA  1 

Pmfoaaor  Bavld  Rlator 
Onaaa'a  tSUvaralty 
Klaflotoa,  Qatarlo, 

QSflSBA  1 


Piatrtbutlon  via  CNN  Leadon 

1 

Coaaadlfid  Offlaar 
Bmaah  Offlaa 
Avy  Ra.  100 
Plaat  Pact  Offlaa 
1  Rav  York,  Rev  Tovk 

Profaaaor  Hanrlaa  Allala 
62  Baulavard  St.  Niehal  (TI  ) 


Mrla  6a,  PMUKi  1 

1 

ia>»  ViUiaa  N.  Oovnaa 

Uklvaraity  of  Piminshaa 

Blmlnghaa,  WHARP  1 

1  Mr.  Pmak  Hahn 

Papartaant  of  Saoaaaiaa 
Churchill  CoUaaa 

cnakrldoa,  noiAlft  1 

1  Dr.  Rudolf  Ruaaar 

Zaatttut  fur  anfavaadta  Nithaaatlh 
UhlvaraitAt  Ram 

Bara,  ffV  ITTJHiAHP  1 


Addltieaal  oopioa  tor  pmjaat  laadar 
aad  aaalnUatn  aad  rnoarva  ter  futara 
raqttiraaanta  50 


1  N.  Jaequaa  laaouma 

BoaUU  daa  Nathoatlquaa 
Appliqudaa 
33  me  Nnjedor 

Mrla  5b,  FRMCB  1 

1 

Pr.  Btaond  Mlisvaud 
Inatltuta  Battoaal  da  la  Statlattdua 
at  daa  fttudaa  Beonoalquaa 
29,  dual  Bmnly 

1  Mrla,  YMRCR  1 

Profaaaor  Nuirlea  NeMkoua 
Phaulty  of  Ccaaarpa 

aad  Soelal  Saianoa 
1  Qklvaraity  of  Blralashon 

Blmiaftaa,  MOMRP  1 


1 


Profaaaor  Dr.  Ralna  Bauaiaaaa 
Xaatttut  fur  yrmdaovaTkahravlaiauaahaft 
Qxafatraaaa  39 

PraAfurt  a.  N.,  OIMUT  1 


Profaaaor  Haarl  Thatl 
1  Bcoooaatrio  loatitata 

Ratharlaads  School  of  RcoaoBlca 
RottardaB,  HUURURDB  1 


1 


1 


1 


Platrlbutloo  via  (RW  Ban  Pmaelaeo 
O.  8.  Attache 

Attache  for  Air  (Tokyo,  Apaa) 

APO  •  500 

Saa  Pmaoiaao,  CallforUa 

profaaaor  Nltklo  Norlaklaa 

Inatltuta  of  Soelal  aad  Bbcaoala  Raaaarak 

Oaaka  Ohlvaraity 

Toynaka,  Oaaka,  AIRS  1 
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